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Description 
Field of the invention 
5 This invention relates to an optical confocal scanning microscope. 

Background to the invention 

U.K. Patent Publication No. 2 184 321A discloses a confocal scanning optical microscope which is espe- 

10 cially for the study of fluorescent or reflecting specimens. This instrument depends upon the focussing of light 
upon a single spot scanned over the specimen, which illuminated spot, after de-scanning, is imaged on a con- 
focal aperture in front of a detector. 

In the case where an image is to be formed of fluorescence from a specimen, the wavelength of the light 
directed on to the specimen is selected in such a way as to excite fluorescence. The emitted light is separated 

15 from the exciting light by a suitable beam splitter and is passed through wavelength-selective filters in such 
a way that the detector responds only to the light emitted by fluorescence. Instruments based on this design 
are commercially available. They contain a provision for subdividing the emitted light into beams of different 
wavelength ranges by a suitable beam splitter and filters. After this division, two dyes can be employed which 
emit different colours of fluorescence which can be distinguished at two detectors. Alternatively, a reflectance 

20 image can be obtained at the same time as a fluorescence image by the use of suitable beam-splitters, in ac- 
cordance with accepted optical practice. 

The prior art instruments work satisfactorily but all confocal scanning microscopes which rely on the use 
of a single scanning spot suffer from the defect that all the spectral selectivity of the system lies in the sepa- 
ration of the emitted or reflected beam into fractions of different wavelength. If there is considerable overlap 

25 between the fluorescent emission spectra of two dyes, they cannot be distinguished. For example, Bacallao 
et al comment in the Handbook of Confocal Microscopy, Plenum Press, 1990, that the commonly-used dyes 
fluorescein and rhodamine cannot be separated effectively in a system of this type. In order to achieve ac- 
ceptable separation, it is necessary to vary the wavelength of excitation. This can be done by changing from 
one type of laser light to another, of spectrally different properties. First an image is obtained by operating the 

30 system with one type of excitation, and then a second image is obtained with a different type of exciting beam. 
This operation is slow and cumbersome. 

Awamura, Ode and Yonezawa have described a microscope in which red, green and blue laser beams are 
scanned independently over the specimen, and the reflected beams are separated by dichroic filters and each 
executes a scanning motion over one of three separate linear CCD detector arrays. The description was pub- 

35 Hshed in the Proceedings of SPIE, The International Society for Optical Engineering (1987) Volume 765 pp ' 
53-60. In principle, the system of Awamura et ai might be used as a fluorescence microscope. It would then 
allow more than one type of dye to be excited in rapid succession during each line scan. However, in the case 
of two dyes with identical emission spectra, or a single ratiometric dye where the emission spectrum was to 
be monitored in a single waveband, the system of Awamura et al offers no advantage over that of White (U.K. 

40 Patent Application No. 2 184 321 A), since neither system is capable of separating the two emission signals. 

The invention 

According to the present invention, there is provided a confocal scanning optical microscope comprising: 
45 - an optical scanning system; 

- means for simultaneously generating two or more input beams of optionally different spectral compo- 
sition and of differing orientations such that after passage through the scanning system a specimen un- 
der test is scanned with two or more distinct and separate elemental areas of illumination: and 

- two or more detectors respectively for receiving two or more output beams after de-scanning by passing 
50 back through the scanning system, each detector receiving an output beam substantially restricted to 

output light derived from one of the illuminated elemental areas. 
The invention allows for two or more microscope channels having different excitation wavebands but iden- 
tical mission wavebands, in order to make possible excitation ratio image measurements according to ac- 
cepted practice. 

55 The invention also allows for two or more microscope channels having identical excitation wavebands but 

different emission wavebands, in order to make possible emission ratio image measurements according to ac- 
cepted practice. 

The present invention is thus applicable to many kinds of scanning optical microscopes. It nrovidp*; a 
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means by which two or more spectrally distinct exciting spots or bars can be scanned together over the soe 
cimen during each sweep of the scanning system. The emission from each spot is passed individually and seo 
arately to a stationary confocal aperture leading to a detector, there being at least one aperture and detector 
for each spot. 

The emitted beam from each spot, due to specimen fluorescence or reflection, may be filtered spectrally 
or subdivided between detectors in accordance with established practice, or may be passed unselectively to 
the detector. It is thus possible to obtain, within a single scanning cycle, two or more complete images, each 
of which may differ in both excitation and emission waveband from the other images. 

The invention may be considered as "a multiplexed optical system* because it involves two or more sets 
of independent but near-parallel beam paths passing through the same scanning system and objective lens 
the optical paths being multiplexed in the literal sense of being folded together. 

Description of embodiment 



Further features and advantages of the invention will be apparent from the following description of em- 
bodiments, making reference to the accompanying drawings, in which:- 

Figure 1 is a schematic diagram of a confocal scanning microscope incorporating the multiplexed optical 

system of the present invention; 
Figure 2 is a schematic diagram showing an alternative and preferred optical arrangement for the upper 
20 part of Figure 1; and 

Figure 3 is a schematic diagram showing an optical means by which several beams of different spectral 
properties may be obtained from a single (e.g. a multiline) laser, for use in the present invention. 
Referring to the drawings, the present invention provides an optical assembly which allows a number of 
independent optical channels to be used simultaneously for excitation in a laser confocal scanning microscope 
with an extended emission beam path, but is not restricted in application to this kind of microscope. The in- 
vention can be applied to confocal microscopes in which a bar or slit of light is scanned over the specimen as 
well as to those in which a single spot is scanned. 

In Figure 1, to simplify the diagram, only two independent light paths are shown, but there is no restriction 
on number in practice. 



Light from two lasers, L1 and L2, with different spectral qualities, is directed on to a beam splitter BS1. 
The two beams are at a slight angle to each other, which angle is exaggerated in the diagram for the sake of 
clanty. The two beams are reflected into a scanning system as shown, which produces an angular scan of both 
beams simultaneously. The angular separation of the beams is maintained throughout the scan, and results 
after passage through suitable microscope optics, typically an eyepiece E and an objective O, in the formation 
35 of two distinct moving spots of light S1 and S2 on the specimen. 

Light is emitted from the specimen at S1 because of reflection or fluorescence and a portion of this emitted 
light passes back through the optical system, is descanned, i.e. reconverted into a stationary beam by the scan- 
ning system, passes through the beam splitter BS1 and falls on a confocal aperture Al leading to a detector 
D1. Light from S2 passes through the optical system along a similar but distinct path and falls upon detector 
D2. The preferred angular separation is the smallest possible consistent with a satisfactory separation of the 
optical channels. To allow image registration, the small difference in time between the scanning of a given 
point in the specimen by the spots corresponding to S1 and S2 may be compensated by suitable conventional 
electronic means, for example by image processing software. It is not essential to the functioning of the system 
that the two or more spots should lie upon the same scan line. 

In the preferred embodiment of Figure 2, the scanning device and microscope are not shown in the figure 
but should be taken to be the same as in Figure 1. Beams from lasers L1 and L2 again pass at a small angle 
on to the beam splitter BS1 . The returning beams, after passing through beam splitter BS1, pass to a second 
beam splitter BS2, which has dichromatic properties, so that most of the light in one of the beams, B1 passes 
through to confocal aperture A1 and thus to detector D1 . while the other beam B2 is preferentially reflected to 
A2 and D2. This modification is preferred as it allows the use of the second beam splitter BS2 to achieve a 
selection of emission wavelengths, and also may be implemented by only slight modification of existing in- 
struments. The separation of the emitted beams by wavelength may be improved by the addition of wave- 
length-selective filters F1 and F2. 

The aiming of the emission beams, each on to the appropriate aperture A1 or A2. may conveniently be 
achieved by the use of mirrors (not shown) interposed between BS2 and the detectors D1 or D2. 

Additional mirrors and dichromatic reflectors may provide convenient means of achieving an appropriate 
angle between the input beams L1 and L2. For example, Figure 3 illustrates one of many possible means by 
which light from a single multiline laser L may be separated into beams of different spectral composition and 
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angle. 

In this case, a parallel-sided block B of glass or other transparent material is used to produce a small lateral 
separation of the beams according to wavelength. The angle between the beams is then adjusted by passing 
them through a prism P, where they undergo different angular deviations because of the dispersing power of 

5 the prism. By appropriate orientation of the prism, parallel beams, each corresponding to a single wavelength, 
are generated, which converge towards the beam splitter BS1. The angle of convergence is determined by the 
angle of the prism and its refractive index and dispersive power. In the diagram, the solid line S indicates a 
beam at a shorter wavelength, which is more strongly refracted than the beam, shown by the dashed lines D, 
corresponding to light of a longer wavelength. 

10 Various modifications of the above-described and illustrated arrangements are possible within the scope 

of the invention hereinbefore defined. 



Claims 



15 



30 



1. A confocal scanning optical microscope comprising: 

- an optical scanning system; 

- means (L1 , L2) for simultaneously generating two or more input beams of optionally different spectral 
composition and of differing orientations such that after passage through the scanning system a spe- 

20 cimen under test is scanned with two or more distinct and separate elemental areas of illumination 

(S1.S2); and 

- two or more detectors (D1 , D2) respectively for receiving two or more output beams after de-scanning 
by passing back through the scanning system, each detector receiving an output beam substantially 
restricted to output light derived from one of the illuminated elemental areas. 

25 

2. A microscope according to claim 1 , in which the two or more beams define two or more microscope chan- 
nels having different excitation wavebands but identical emission wavebands. 

3. A microscope according to claim 1 , in which the two or more beams define two or more microscope chan- 
nels having identical excitation wavebands but different emission wavebands. 

4. A microscope according to claim 1 , in which the two or more beams define two or more microscope chan- 
els having different excitation wavebands and different emission wavebands. 

5. A microscope according to any of claims 1 to 4 in which the emission from each elemental area is passed 
individually and separately to a stationary confocal aperture (A1, A2) leading to a detector, there being 
at least one aperture and detector for each area. 

6. A microscope according to any of claims 1 to 5, in which the elemental areas are in the form of spots or 
bars. 

7. A microscope according to claim 6, being a slit-scanning confocal microscope in which the bars are gen- 
erated by images of slits. 

8. A microscope according to any of claims 1 to 7, in which the input beams are set at a small angle to one 
45 another. 

9. A microscope according to any of claims 1 to 8, in which the input beams are obtained by dividing the 
light from a multiline laser (L). 



35 
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10. A microscope according to any of claims 1 to 9, in which a beam splitter (BS2) provides for separation of 
output beams. 

11. A microscope according to any of claims 1 to 9, in which separation of the output beams by wavelength 
is enhanced by one or more wavelength-selective filters (F1, F2). 

55 12. A microscope according to any of claims 1 to 11, in which the distinct input beams are obtained by passing 
a multiple wavelength beam through a prism (P). 

- ^:r'rtrrtn/**d Hup to the respective 
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path lengths relating to the different scanned elemental areas is compensated for electronically. 



Patentanspruche 

1. Ein konfokales optisches Abtastmikroskop, bestehend aus: 

- einem optischen Abtastsystem, 

- Mitteln (L1 , L2) zum gleichzeitigen Erzeugen von zwei oder mehreren Eingabestrahlen fakultativ ver- 
schiedener spektraler Zusammensetzung und sich unterscheidender Ausrichtungen derart, dad 
nach dem Durchgang durch das Abtastsystem eine sich in der Prufung bef indende Probe mit zwei 
oder mehr verschiedenenartigen und getrennten elementaren Beleuchtungsflachen (51, 52) abge- 
tastet wird, und 

- zwei oder mehreren Detektoren (D1, D2) zum Aufnehmen von zwei oder mehr Ausgabestrahlen nach 
dem Abtasten durch Zuruckfuhren durch das Abtastsystem, wobei jeder Detektor einen Ausgabe- 
strahl empfangt, der auf das von einer der beleuchteten elementaren Flachen abgeleitete Ausgab - 
licht im wesentlichen beschrankt ist. 

2. Ein Mikroskop nach Anspruch 1, bei dem die zwei oder mehr Strahlen zwei oder mehr Mikroskopkanale 
mit verschiedenen Erregungs-, aber identischen Emissionswellenbandern markieren. 

3. Ein Mikroskop nach Anspruch 1, bei dem die zwei oder mehr Strahlen zwei oder mehr Mikroskopkanale 
mit identischen Erregungs-, aber verschiedenen Emissionswellenbandern markieren. 

4. Ein Mikroskop nach Anspruch 1, bei dem die zwei oder mehr Strahlen zwei oder mehr Mikroskopkanale 
mit verschiedenen Erregungs- und verschiedenen Emissionswellenbandern markieren. 

5. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 4, bei dem die Emission von jeder elementaren Fla- 
che einer zu einem Detektor fuhrenden ortsfesten konfokalen Offnung (A1, A2) individuell und getrennt 
zugef uhrt wird und fur jede Flache mindestens eine Offnung und ein Detektor vorgesehen sind. 

6. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 5, bei dem die elementaren Flachen in der Form 
von Flecken oder Streifen vorliegen. 

7. Ein Mikroskop nach Anspruch 6, das ein schlitzabtastendes konfokales Mikroskop ist, bei dem di Strei- 
fen durch Schlitzbilder erzeugt werden. 

8. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 7, bei dem die Eingabestrahlen unter einen kleinen 
Winkel zueinander gesetzt werden. 

9. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 8, bei dem die Eingabestrahlen durch Teilen des 
Lichtes von einem Multiline-Laser (L) erhalten werden. 

1 0. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 9, bei dem ein Strahlteiler (BS2) die Trennung der 
Ausgabestrahlen besorgt. 

11. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 9. bei dem die Trennung der Ausgabestrahlen in 
bezug auf die Welleniange durch ein oder mehrere Wellenlangen-Selektivfilter (F1 , F2) gesteigert wird. 

12. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 11, bei dem verschiedenartige Eingabestrahlen 
durch Durchleiten eines eine multiple Welleniange aufweisenden Strahles durch ein Prisma (P) erzielt 
werden. 

13. Ein Mikroskop nach irgendeinem der Anspruche 1 bis 12. bei dem Aufnahmezeitunterschiede aufgrund 
der jeweiligen, sich auf die verschiedenen abgetasteten elementaren Flachen beziehenden Weglangen 
elektronisch ausgeglichen werden. 



Revendications 

1. Microscope optique a balayage, a foyer commun, comprenant : 
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- un systfeme de balayage optique, 

- des moyens (L1, L2) pour cr£er simultan6ment deux faisceaux d'entrSe ou plus, de composition 
spectrale optionnellement differente et d'orientations differentes, tels qu'aprfcs passage 4 travers 
le systeme de balayage, un specimen 4 Pessai soit balay6 par deux spots d'illumination ou plus* dis- 

5 tincts et s6par§s (S1, S2); et 

- deux d&ecteurs ou plus (D1 t D2) respectivement, pour recevoir deux faisceaux de sortie ou plus 
aprfcs balayage inverse, en repassant 4 travers le systeme de balayage, chaque d§tecteur recevant 
un faisceau de sortie substantiellement restreint 4 la lumiere de sortie d£rivee de Tun des Spots il- 
lumines. 

10 

2. Microscope selon la revendication 1, dans lequel les deux faisceaux ou plus d6finissent deux canaux de 
microscope ou plus, ayant des bandes d'onde d'excitation differentes mais des bandes d'onde d'emission 
identiques. 

15 3. Microscope selon la revendication 1, dans lequel les deux faisceaux ou plus definissent deux canaux de 
microscope ou plus, ayant des bandes d'onde d'excitation identiques mais des bandes d'onde demission 
differentes. 

4. Microscope selon la revendication 1 , dans lequel les deux faisceaux ou plus def inissent deux canaux de 
2o microscope ou plus, ayant des bandes d'onde d'excitation differentes et des bandes d'onde demission 

differentes. 

5. Microscope selon Tune quelconque des revendications 14 4, dans lequel remission de chaque spot est 
transmise individuellement et s6par6ment 4 une ouverture stationnaire 4 foyer commun (A1 , A2), condui- 
sant 4 un d&ecteur, ou se trouvent au moins une ouverture et un d6tecteur pour chaque spot. 

25 

6. Microscope selon Tune quelconque des revendications 1 k 5, dans lequel les spots ont la forme de points 
ou de traits horizontaux. 

7. Microscope selon la revendication 6, 6tant un microscope k foyer commun k balayage par fente, dans 
30 lequel les traits horizontaux sont cr^es par des images de fentes. 

8. Microscope selon I'une quelconque des revendications 14 7, dans lequel les faisceaux d'entree sont pla- 
ces avec un petit angle les uns par rapport aux autres. 

35 9. Microscope selon Tune quelconque des revendications 14 8, dans lequel les faisceaux d'entree sont ob- 
tenus en divisant la lumiere depuis un laser multiligne (L). 

10. Microscope selon I'une quelconque des revendications 14 9, dans lequel un systeme de decomposition 
de faisceau (BS2) sert 4 la separation des faisceaux de sortie. 

40 11. Microscope selon I'une quelconque des revendications 14 9, dans lequel la separation des faisceaux de 
sortie par longueur d'onde est renforcee par un ou plus f litres selectifs (F1, F2) de longueur d'onde. 

12. Microscope selon I'une quelconque des revendications 14 11, dans lequel les faisceaux d'entree distincts 
sont obtenus par le passage d'un faisceau multiple de longueur d'onde 4 travers un prisme (P). 

45 

13. Microscope selon Tune quelconque des revendications 1 4 12, dans lequel les differences de temps de 
reception dues aux longueurs de parcours respectives concernant les differents spots baiayes, sont 
compensees de maniere electronique. 

50 
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